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Cis-dichlorobis(ethylenediamine)cobalt(III) tetra-
fluoroborate in acetonitrile which was irradiated with
370 and 350 nm radiations isomerized to its trans¬
isomer. Spectrophotometric monitoring of the solution's
optical spectrum indicated smooth conversion from starting
material to product. The quantum yield for conversion
from cis- to trans-dichlorobis(ethylenediamine)cobalt
(III) tetrafluoroborate was determined. There was
evidence against a free radical mechanism for this
conversion. This reaction did not occur with longer
wavelength radiations (500, 440 and 420 nm). Irradiation
of a solution with 250 nm radiation showed photodecompo¬
sition to unknown product(s). The investigation of
other mechanisms was inconclusive.
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INTRODUCTION
Investigators have shown that transition metal
complexes may undergo four principle types of photo¬
reactions: (1) photoxidation - reduction reactions,
involving changes in oxidation number of metal and/or
ligand(s); (2) photosubstitution reactions, involving
changes in the composition of the coordination shell;
(3) photoisomerization reactions, involving changes in
the coordination arrangement of ligands; (4) internal
reactions of the ligand(s), involving ligand centered
reactions.
In the case of Co(III) complexes, owing to the
high oxidation number of the central metal ion and the
general reducing properties of ligands, the reaction of
the first type mentioned above always consists of an
electron transfer from the ligand(s) to the metal,
followed by decomposition of the unstable Co(III) com¬
plex.^
The thermal cis- and trans- isomerization of
[Co(en)2CI2]Cl in 2-methoxyethanol has been observed under
thermal conditions.^^^ The rate constant was determined
at four different temperatures ranging from 30° to 50°.
It was observed that after the trans- isomer was formed
there was some type of interaction between the solvent
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and tran^-ICo(en)2Cl2]Cl to produce an unknown product.
Bosnich has shown that a solution of racemic cis-
dichlorobis(ethylenediamine) cobalt(III) tetraphenylborate
in L-2,3-butanediol slowly isomerized to give an
equilibrium mixture of the cis and trans- isomers at
65°.^ This isomerization was analyzed spectrophoto-
metrically as well as by circular dichrosim.
The kinetics of the cis-[Co(en)2CI2Iion
isomerization in methanolic solution has been thoroughly
investigated. It has been shown that racemization and
isomerization occur because of unimolecular chloride
exchange^ and that the intermediate must be five-co¬
ordinate, becuase a six-coordinate methanolo intermediate
is not sufficiently reactive to account for the chloride
exchange.® The hydrolysis rate constant in water has
also been reported for [Co (en) 2CI2] ® The radioactive
isotope of chlorine has been used to investigate cis-
and trans- interconversion of [Co(en)2CI2]Cl also.^
As one can see, much work has been done on
ICo (en) 2CI2] However, the most extensive investigation
can be attributed to Brown, Ingold and Nyholm.l® Their
studies included the kinetics and molecularity of nucleo¬
philic substitution of cis-[Co(en)2^10]by seven anions
in methanol by polarimetric, spectroscopic, chemical.
and radiochemical methods. The anions used were OCH3”,
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N3~/ NO2'”/ NCS“, Br“, Cl“ and NO3”. They showed that
the first three anions reacted by an Sn2 mechanism that
proceeded as follows:
Y“ + [Co(en) 2Cl2]^‘'' ^ [Co(en) ClY] 1+ + Cl" (1)
{Y“ + 0CH3~, N3”, N02~) and the latter four reacted by a
Sjjl mechanism that proceeded by these two steps:







[Co (en) 2CI] + Cl"
optically
inactive




(Y = NCS“, Br“, Cl“, N03“). In these substitutions by
Sfjl mechanism, optical activity was lost completely, and
at a rate which was identical with the common rate of
reaction.
Since there was cis- to trans- isomer conversion in
[Co (en) 2CI2 J in alcoholic and aqueous solvents and
ligand substitution on the metal center for which certain
mechanisms were proposed, an interesting study would be
to investigate this isomerization in the non-alcoholic,
non-aqueous solvent, CH3CN. The tetrafluoroborate salt
was used for solubility purposes and the conditions were
changed from thermal to photochemical. During the photo¬
lysis of acetonitrile solutions of ci^-[Co(en)2CI23^^,
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the cis- to trans- isomer conversion was investigated.
Certain mechanisms were investigated to determine the
nature of this conversion and whether or not there
was a smooth conversion from cis-ICo(en)
its trans- isomer as a single formed product or the
formation of more than one product. Further investigation
determined the wavelength of radiation at which this
isomerization occurs.
EXPERIMENTAL
Materials.—Cis-[Co(en)2CI2]Cl was prepared by
the method of Bailar and Rollinson.^^ Cis-
[Co(en)2Cl2]BF4 was prepared by dissolving cis-
[Co(en)2Cl2]Cl in a minimum amount of water. Then one
half volume of 48% HBF4 was added and the solution chilled
to 0°. The solution was filtered and the product washed
with cold water. The above procedure for preparing cis-
[Co(en)2CI2]BF4 was repeated several times to rid the
compound of impurities. It was then allowed to dry in
air.Tra^-[Co(en) 2CI2] BF4 was obtained from Dr.
James L. Reed of this department.
Ammonixam thiocyanate was treated with ethanol and
ether prior to use. Ammonium thiocyanate was placed in
a small beaker and enough ethanol was added to just cover
its surface. It was not dissolved. The mixture was
allowed to stir for about 5 additional min, then filtered.
This procedure was repeated until the filtrate was no
longer pink. The solid was washed with ether and allowed
to dry in air.^^
Analytical grade cation exchange resin, Bio-Rad AG50
W-X4, 200-400 mesh in the hydrogen form, was used in
cation exchange procedures. The resin was placed in a
5
6
NaOH solution for 30 min, then filtered and rinsed.with
water until washings were no longer basic when tested
with litmus paper.
All other materials were reagent grade unless
otherwise specified. ACS Certified Acetonitrile was
distilled from calcium oxide.
Photolysis Procedure.—An optical train was
employed in the irradiations. The light from a 1000 W
Oriel Optics high pressure Xenon-Mercury lamp was focused
by means of two quartz lens through a 14 cm quartz water
filter onto the entrance slit of a Bausch and Lomb Model
33-86-79 grating Monochromator (1350 groves/mm). The
entrance slit width (3.78 mm) and the exit slit width
(1.40 mm) were calculated from the manufacturer's reported
dispersion of the grating to yield 90% of the radiation
within a 10 nm band pass. The light from the exit slit
of the monochromator passed into the Varian Model 01-44-
4200-00 thermostated cell jacket. The cell jacket was
modified to place the 12 X 12 mm cell adapter as close
to the exit slit of the monochromator as possible. The
jacket was thermostated to 25.0 =*= 0.1°, with a Haake Model
FE constant temperature circulator. The jacket was mounted
such that the distance between the exit slit of the
monochromator and the cell could be changed, thus permitting
the light intensity to be varied. Light intensities were
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measured by ferrioxalate actionometry. For each run,
a minimum of 3 actionometer solutions were prepared along
with a blank as a reference. The absorbed intensity,
1^, was determined from the incident intensity, 1q, and
the fraction of light absorbed by cis- [Co (en) 9CI?] .
The value used was the average of the light absorbed by
ci^-[Co (en) 2CI2] before photolysis began and at the end
of the photolysis.
Quantum yield determinations were made from plots
of concentration versus time of irradiation. As much as
70% conversion to product was studied; however, for
determining the quantum yields most of the reactions were
kept at or below 50% conversion. Acetonitrile was the
solvent used throughout the photolysis procedures unless
otherwise specified. Concentrations varied from 3.0 X
10“^ M to 3.0 X 10“^ M in c^-[Co (en) 2CI2] . After the
solution was prepared, 3.0 ml were pipetted directly into
a 1 cm photolysis cell for irradiation with 370 or 350 nm
radiation. The optical density of the solution was recorded
at 545 nm before irradiation and at intervals during ir¬
radiation. A soft glass plate was used as a filter during
irradiation. Glass filters were used to prevent photolysis
reactions occuring from X/n radiation, where X is wavelength
of the radiation employed and n is an integer.
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Quantum yields were later determined by taking the
difference in the rate of photolysis and the rate of
thermal decomposition and dividing that difference by
the absorbed intensity, la. The rate was determined
by the following formula (derivation shown in the
appendix):
Rate = ^ (4)
Ae
where S was determined from a plot of optical
density at 545 nm versus time irradiated. The plot was
linear after an occasional initial period of inhibition.
The term Ae was the difference in extinction coefficients
at 545 nm of cis- and trans-ICo(en) ^Cl?) 1"^.
The product, trans- [Co (en) 2CI2I r was identified
by spectrophotometrically monitoring acetonitrile solutions
ranging from 10“^-. M to lO.r^ M in cis-[Co (en) ?C1;)] which were
irradiated with 350 or 370 nm radiation until little or no
further spectral change occurred. At this point, trans-
Ico (en) 2CI2Jshould have formed. To identify the product,
the optical spectrum of trans- [Co (en) 2CI2] in acetonitrile
was recorded on the same paper. This spectrum should be the
same, within experimental error, as that of the final
spectrum of the photolyte.
Free Radical Scavenging.—-Cyclohexene distilled from
KOH pellets was used as a scavenger to trap chloride
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radicals if formed.An acetonitrile solution of the
10"3 M cis-[Co(en)(v/v) cyclohexene was
prepared. Two solutions were prepared, the photolyte and
the control. The spectrum of the photolyte was monitored
spectrophotometrically (700 - 370 nm) during irradiation
with 350 nm radiation. Cobalt(II) was determined by a
modification of Katakis and Allen's procedure.15 After
irradiation, the percent transmittance was recorded for
both the blank and photolyte at 618 nm. Two ml of 1.0 M
NH4SNC in acetonitrile were added to each solution. The
optical densities were recorded again at 618 nm. This
wavelength has been observed as band maxim;am for
[Co(SCN)4]2+.16 The above procedure was repeated with
the percent volume of cyclohexene increased to 15% (v/v).
The photolysis of a third solution which contained no
cyclohexene was monitored for comparison purposes. A
calibration plot was prepared by adding the same concen¬
tration of NH4SNC to a known concentration of Co(acac)2
in acetonitrile. The concentration of Co(II) being formed
could be determined from this plot of optical density
versus concentration of Co(II).
Substitution.—Reagents used to test for inter-
molecular substitution for the chloride anion if formed
during photolysis, were the azides, LiN3 and NaN3. The
compounds were dried at 100° for several hours prior to
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use. Solutions, 10“^ M in cis- [Co(en) 2CI2] and '^1.0
— 3 • ^X 10 M in LiN3 0rNaN3, were prepared. A 25 ml aliquot
was photolyzed with 350 and 370 nm radiations and
spectrophotometrically monitored (700 - 370 nm). The
photolyte was allowed to evaporate to dryness, following
which an infrared spectrum was obtained (2200 - 2000 cm“l)
using a KBr pellet. The above procedure was repeated,
this time passing the photolyte through a cation exchange
column. The column was prepared by standard procedures.
After the photolyte passed through the column, the eluent
was allowed to evaporate. A ca. 0.1 M KBr solution was
added to the column to displace the cation. The KBr
solution passed through the column into a mortar and was
allowed to evaporate to dryness, after which infrared
spectra of the products were obtained (2200 - 2000 cm“^)
using KBr pellets. The procedure was repeated using a
blank. Identical conditions were used except for the
irradiation, and both solutions were passed through
identical columns simultaneously.
Water was also used to test for intermolecular
substitution by Cl“. A solution of 10“^ M cis-
[Co (en) 2CI2] in 1.0 X 10“^ M H2O was prepared. The
concentration of H2O did not exceed 10 M in order
to prevent precipitation. Two 25 ml aliquots were pipetted
into 10 cm cells. One aliquot was the blank and the other
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aliquot was the photolyte. The blank was kept in the same
room as the solution being photolyzed. The optical
spectra of both solutions were monitored simultaneously.
The photolyte was irradiated with 350 and 370 nm
radiations. At the completion of photolysis, anhydrous
NaCl04 was added to both solutions until the compound
precipitated. The solutions were centrifuged and the
supernate decanted. They were dried, after which infrared
spectra were obtained (4000 - 650 cm"^).
The thermal reaction of 4.72 X lO”^ M cis-
ICo(en) 2Cl2]^'*’ in 3.33 X 10“^ M H2O was studied and the
solution's optical spectra were periodically monitored
(700 - 370 nm) for 4 days. The solution was allowed
to react in the presence of normal room lighting the
first two days and the latter two days in the absence of
light at room temperature. This amount of time was needed
for the reaction to reach apparent completion. However,
the solution was allowed to remain for several additional
weeks in the absence of light and a final spectrum was
recorded. Anhydrous NaC104 was added to the solution until
a precipitate formed; then the solution was centrifuged and
the residue was allowed to dry after which an infrared
spectrum was obtained (4000 - 650 cm“l).
Ammonical acetonitrile solutions were prepared by
bubbling ammonia through acetonitrile and standardizing
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against standard HCl. A solution of 1.0 X 19“3 m
ci^-[Co (en) 2CI2] in 1.0 X 10”^ M NH3 was photolyzed
with 370 nm radiation. The optical spectra of the blank
and control were monitored simultaneously (700 - 370 nm).
An acetonitrile solution of cis-[Co(en)9CI9]
was prepared and studied to see if thermal decomposition
occurred at room temperature. The concentration of the
solutions ranged from 4.0 - 1.0 X 10“^ M. Two equal
volume samples of the same solution were required, the
photolyte and blank, and their optical spectra were
monitored simultaneously. The photolyte was irradiated
with 350 and 370 nm radiation.
Solutions of 10“3 M cis- [Co (en) 9CI9] in various
concentrations of LiCl were prepared with the concentration
of LiCl not exceeding 10“^ M to prevent precipitation.
LiCl was dried at 100° overnight prior to use. The
optical spectra of the photolyte and the blank were
monitored simutaneously. The photolyte was irradiated
with 350 and 370 nm radiation. Quantum yields were
obtained. The above procedure was repeated with the
exception of obtaining quantum yields using reagent
grade undistilled, simply distilled, and fractionally
distilled solvent (acetonitrile)^under the same conditions
on the same day to determine if the solvent had an effect
on the rate of reaction.
RESULTS
Ultraviolet irradiation of solutions of cis-
[Co(en)2CI2]dissolved in acetonitrile, distilled
from calcium oxide, gave trans-[Co(en)2CI21as the
product. The color of the solution changed from purple
(the color of cis- [Co (en) ^ mint green
(the color of the product, trans-[ Co (en) 2CI2]
Spectrophotometric monitoring (700 - 370 nm) of the
photolysis of 3.0 X 10“^ to 2.0 X 10”^ M solutions with
350 and 370 nm radiation gave a smooth conversion from
starting material to product, as evidenced by the
isosbestic points at 655, 470 and 435 nm. These points
were maintained throughout the photolysis. At the end
of the photolysis, denoted by little or no further
spectral change, the final spectrum was the same within
experimental error as that of a trans-[Co(en)9CI9]
solution made to the same concentration as the photolyte
(see Figure 1). If photolysis continued beyond this
point, the spectra no longer passed through these
isosbestic points. The band maximum for cis-
[Co(en)2CI2was 545 nm. The extinction coefficients
at this wavelength were 1.07 X 10^ M”^ cm"^ and 9.95 M“^
cm“l for cis- and trans-[Co(en)2^121respectively.




The values for cis and tra^-[Co (en) 2CI2] were respec¬
tively 1.78 X 102 M“^ cm“^ and 4.0 X 10^ M“^ cm”^. One
of the reasons for determining the extinction coefficients
was that they were needed for determining the percentage
conversion of cis- [Co(en) 2CI2I into its trans- isomer
during photolysis.
Quanutm yields of trans-[Co(en)2CI2]ranged from
0.27 - .05 to 2.9 “ 0.3. These yields varied greatly
under very similar conditions (see Table 1). At this point
one might question the procedure for obtaining the absorbed
intensity, la- It would be assumed that a plot of la
versus time of irradiation would be a nearly linear curve,
because monitoring the optical spectra of cis-
[Co (en) 2CI2] solutions showed retention of isosbestic
points until the converstion to trans- isomer reached
completion. If the plot was indeed linear, then using the
average of the initial and final values for la would be
justifiable. Some investigators have observed in their
studies that many times, at greater than 10% conversion
of their starting material to product there was curvature
in the plot described above. If this would have been the
case in this investigation, an error in calculating
quantum yields would have been introduced and this could
be a factor in determining why the yields differed greatly.
The photolysis of cis-[Co(en)2CI2]was allowed to go to
as much as 70% conversion or more. A typical plot of la
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Table 1. Quantum Yields for the Formation of trans-
[Co (en) 2CI2] not Corrected for Thermal
Decomposition.
Incident Intensity ois [-Coen2Cl2^'*~] (|)trans
(ein/l-sec X IO6) (M X 103)
1.3 + 0.1 2.467 0.27 + 0.05
2.0 + 0.1 3.521 0.52 + 0.07
1.3 + 0.2 2.322 1.0 + 0.2
1.9 + 0.1 2.574 1.1 + 0.5
1.8 + 0.1 2.132 1.6 + 0.2
1.9 + 0.1 2.173 2.4 + 0.2
versus time of irradiation in this investigation resulted
in a nearly linear curve, illustrated in Figure 2. This
particular plot was introduced because the percentage
conversion was the maximum studied. Since the plot
remained nearly linear to 73% conversion, it was logical
to assume that reactions that underwent less than 73%
conversion also resulted in a linear plot.
Another question might involve the varied percentage
conversion from starting material to product. The quantum
yield of this conversion should be the same regardless
of the percentage conversion reached, because of the
linear curve obtained from a plot of optical density
ABSORBEDINTENSITY
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Fig. 2. The absorbed intenstiy of an 8.64 X lo'^ M cis-
[Co (en) 2CI2] solution containing 2.58 X
10”' M LiCl in acetonitrile irradiated with




A possible reason for non-reproducible yields
was the formation of radicals during photolysis. To
test this possibility, cyclohexene was used as a
scavenger to trap the chloride radicals.If this in
fact happened, the product formed would be cobalt(II):
ci^-[Co (en) 2CI2] ^ iCo(en) 2CIJ + Cl* (5)
An acetonitrile solution of 2.2 X 10”^ M cis-
[Co (en) 2CI2] in 5% (v/v) cyclohexene irradiated with
350 nm radiation showed retention of isosbestic points
throughout the reaction. The procedure used for testing
for the formation of cobalt(II) showed no evidence of its
being formed.If the concentration of cobalt(II) being
formed was less than 10"® m there could be no detection
of its formation using this procedure. The experiment
was repeated wherein the percentage of cyclohexene was
increased to 15% (v/v). This time there was a small trace
of cobalt(II) detected, 5.0 X 10”® m. When irradiating
with ultraviolet radiation, one expects to observe a trace
of radical formation. Since the concentration of cobalt(II)
detected was very low, it evidenced that the formation of
radicals during photolysis was very minor. Monitoring
the solution's optical spectra also showed a retention of
isosbestic points. If the radical formation had been a
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major reaction and the chloride radical had been trapped
by cyclohexene, the isosbestic points would have not
remained throughout the reaction because of the formation
of a new cobalt-containing product. The only apparent
effect that chclohexene had was that it decreased the
rate of reaction compared to a solution that contained
no cyclohexene.
A second possible mechanism was the formation of
chloride anion during photolysis, wherein reattachment
to the cobalt complex occurred in the trans- position;
cis-[Co(en)?Cl9]l+ ^ [Co(en)2CI]2+ + ci" (6)
[Co (en)2CI]+ Cl“ ^ trans—[Co (en) 2CI2J(7)
This mechanism was tested by using reagents that
could undergo intermolecular substitution for Cl" if this
anion were formed.
Solutions of 10”4 M cis-[Co(en)2CI2]in 1.0 X
10"3 M LiN3 or NaN3 were photolyzed with 350 and 370 nm
radiation. During the photolysis, the isosbestic points
disappeared. There was also an azide absorption band in
the infrared spectrum of this cobalt complex. Both NaN3
and LiN3 gave identical results. Ion exchange was used
to determine if the azide was coordinated to the complex.
Anion exchange was attempted, but failed because the
complex precipitated in the resin. However, cation
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exchange was used. Two aliquots of the same solution
of 10“^ M cis-[Co(en)2^1?] 1*0 ^ 10“^ M LiN3
or NaN3 were used for this purpose, the blank and the
photolyte. The photolyte. was photolyzed and the blank was
not. this way, when infrared spectra were obtained
the blank showed whether the azide concentration was high
enough to be detected. The photolyte was passed through
the cation exchange column and was removed by passing
0.1 M KBr through the column. The infrared spectra were
obtained after the solutions were allowed to evaporate;
one of the blank, one of the eluent of the control, and
one of the cation in the control. Each of these spectra
showed an azide absorption band at 2050 cm“1.18 Because
there was azide absorption in the infrared spectrum of the
photolyte as well as of the blank, the blank was also
passed through a cation exchange coliamn to see if incor¬
poration of azide was occurring thermally. An infrared
spectrum of the blank's eluent was also obtained. Again
each spectrum showed azide absorption in the infrared at
2050 cm“l. It was apparent that azide was being incor¬
porated under the thermal conditions as well as perhaps
under photolysis. An attempt was made to determine
exactly what percentage incorporation of azide was due to
photolysis, but was unsuccessful. Infrared spectra of
LiN3 and NaN3 showed azide absorption at the same
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frequency as that of cis-[Co(en)2CI2J solutions
containing added azide.
The above data suggested that some thermal decompo¬
sition of cis-[Co(en)2CI2] could be occurring at room
temperature. This was checked by spectrophotometrically
monitoring acetonitrile solutions of 10”^ M cis-
[Co (en) 2CI2] A blank and photolyte were used. The
photolyte was irradiated with 350 or 370 nm radiations.
It was observed that some decomposition occurred in both
the photolyte (Figure 3a), as well as in the blank (Figure
3b). This thermal decomposition could be a factor as to
why the previously determined quantum yields exceeded
unity.
Solutions of 10“^ M cis- [Co (en) 2CI2] and not
exceeding 10"^ M in water to prevent precipitation, were
prepared. Spectrophotometric monitoring (700 - 370 nm) of
the photolysis of these solutions with 370 nm radiation
also gave smooth conversion from starting material to
product as evidenced by the isosbestic points at the same
wavelengths as in the photolysis of solutions containing
no water. Spectrophotometric monitoring was also done
simultaneously on an unirradiated blank which appeared to
give smooth conversion to a different product, as evidenced
by a single isosbestic point at 455 nm. Furthermore,
water acted as an inhibitor and slowed the reaction to
ABSORBANCEua’ ABSORBANCE . 3a. Visible monitoring of the photolysis of a 1.61 X 10~^ M cis-[Co(en)aClp]in acetonitrile with 370 nm radiation from initial solution, curve 1, to1800 s exposure, curve 5.
WAVEI.ENGTH (nm)
Fig. 3b. Visible monitoring of the thermal reaction of 1.61 X 10“^ M cis-
lCo(en) 2C'l2l in acetonitrile from initial solution, curve 1, to
1800 s exposure to room temperature, curve 3.
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about 25% of that not containing water. At the end of
the spectral monitoring, anhydrous NaC104 was added to
both the photolyte and blank until a precipitate formed.
Infrared spectra using KBr pellets showed no absorption
band in the region of coordinated water.The infrared
spectra of the two solutions appeared to be identical
even though their optical spectra differed. When the
experiment was repeated several times, this single
isosbestic point for the blank no longer formed; instead
isosbestic points formed at the same wavelengths as those
of the photolyte. It appeared as if some unknown
phenomenon occurred which caused this difference in the
thermal reaction.
The above results suggested that the thermal reaction
of c^-[Co (en) 2CI2] in H2O should be allowed to go to
completion to see if, in fact, trans- [Co (en) 9CI?]
was formed. The optical spectrum of a 25 ml aliquot of
4.72 X 10“4 cis-[Co(en) 2CI2] in 3.33 X lO"^ m H2O
was monitored over a period of four days. During the
first two days the reaction occurred at room temperature
in room light. During the last two days no light was
present. There was retention of isosbestic points at
655, 470, and 435 nm, as illustrated in Figure 4. At
the end of the second day the reaction had reached 48.36%




Fig. 4. Visible monitoring of the thermal reaction of a acetonritile solution
of 4.72 X 10“^ M cis- [Co (en) :?Cl2] in 3.33 X 10~^ M H2O from initial
solution, curve 1, to two days exposure to room light at room tempera¬
ture, curve 6. The last two days of reaction was minus room light,
curve 8 was at end of 4th day.
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had reached 57.68% conversion to trans- [Co(en) 9CI9]
There was no absorption for coordinated water in the
infrared spectrum of this product. A plot of optical
density versus time irradiated gave a straight line that
showed no initial inhibition, which had often occurred
in photolysis using simply distilled acetonitrile. The
last two days showed a decrease in the rate of conversion
to product as compared to the first two days which
occurred in room light. This suggested that photo¬
chemistry was also occurring in room light as expected.
Ammonical acetonitrile solutions were also used to
test for intermolecular substitution. Solutions of 1.0
X 10”^ M cis-[Co(en)^ 10”^ M NH3 were
prepared. During photolysis, the complex precipitated
out. Therefore spectrophotometric monitoring was im¬
possible. However, under thermal conditions the spectra
were monitored and appeared to give an isosbestic point
at 415 nm. Since the product always precipitated when
irradiated in the presence of NH3, NH3 could not be easily
used as a suitable reagent for investigating inter¬
molecular substitution.
Acetonitrile solutions of 10”^ M c^-[Co (en) 2CI2]
were prepared with the concentration of LiCl not exceeding
10”4 M to prevent precipitation. Spectrophotometric
monitoring of the photolyte gave a smooth conversion to
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product as evidenced by isosbestic points at the same
wavelengths (855, 470 and 435 nm). However, the thermal
decomposition reaction decreased to little or no decompo¬
sition. If the thermal reaction could be prevented, this
could possibly make the quantum yields reproducible under
identical conditions.
Four different series of experiments have shown that
the yield is reproducible within experimental error if
two aliquots of the same solution were photolyzed
simultaneously, illustrated in Table 2. This data further
suggests that the quantum yield was dependent on the
intensity. This dependence was examined further by taking
the quantum yield of equal aliquots of the same solution
and decreasing the intensity directly following the
photolysis of the first aliquot. It was observed that as
the intensity increased, the quantum yield decreased,
(see Tables 2 and 3) .
Other data suggested that the quantum yield was
dependent on the concentration of cis- [Co (en) :;>Cl2]
such that as the concentration of the complex increased
the yield decreased (see Table 4).
There was no data collected wherein the concentration
of LiCl was varied. Therefore, it is inappropriate to
report whether or not the quantum yield had a dependence
on the LiCl concentration. However, quantiim yields were
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Table 2. Quantum Yields for the Formation of trans-









17 ^ 1 8.641 2.584 0.29 ±0.09
17-1 8.641 2.584 0.29 ±0.09
17-1 10.882 2.584 0.25 ±0.07
17 i 1 10.882 2.584 0.24 ±0.06
7.84 i 0.09 8.729 2.584 0.53 ± 0.03
7.84 i 0.09 8.729 2.584 0.53 ±0.03
7.84 - 0.09 8.833 5.168 0.44 ± 0.03
7.84 ± 0.09 8.833 5.168 0.44 ±0.03
Table 3. Quantum Yield Dependence on Intensity.
Incident Intensity [ cis-Coen2Cl2^'^ ] LiCl <t> trans
(M X 104) (M X 10'7)
9.1 ± 0.1 8.721 5.168 0.6 ± 0.2
2.1 ± 0.1 8.721 5.168 0.9 ± 0.2
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Table 4. Quantum Yield Dependence on the Concentration
of c^-[Co (en) 2QI21
Incident Intensity [cis-Coen2Cl2^^1 LiCl <{)trans
(ein/l-sec X 10^) (M X 10^) (M X lO'^)
17.5
+
























obtained by keeping the intensity constant and varying
the concentrations of both the complex and LiCl simulta¬
neously. It was observed that the quantum yields differed.
However, the yield did not always decrease as the con¬
centration of the complex increased as observed earlier
(see Table 4). Therefore, this data could indicate a
dependence on the concentration of LiCl (see Table 5).
It was observed that solutions of cis-
[Co (en) 2CI2] containing LiCl no longer decomposed
completely overnight if day-old solutions were allowed
to remain on the bench, as compared to solutions that
contained no LiCl. These results support the observation
that adding LiCl to the solutions indeed inhibited the
rate of thermal conversion from cis- to trans-. If the
optical spectra of day-old solutions of cis-
ICo (en) 2CI2J photolyzed with 350 or 370 nm radiation,
were recorded, no isosbestic points formed during spectral
monitoring. However, when a day-old solution containing
LiCl was prepared and allowed to remain overnight on the
lab bench before monitoring began, the optical spectra
of the solution irradiated with 350 or 370 nm radiation
showed retention of isosbestic points at the same wave¬
lengths as freshly prepared solutions (see Figure 5).
The next experiment involved a precedure for testing
what effect the solvent had on the rate of the reaction
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Table 5. Quantvun Yield Dependence on the Concentration of
c_^-ICo (en) 2CI2] with added LiCl.
Incident Intensity Icis-Coen2Cl2^'^] LiCl (|)trans
(ein/1- sec X 10^) (M X 10^) (M X 10‘7)
7.9
+
0.4 8.639 14.93 0.34 i 0.08
7.9
+
0.4 8.554 9.95 0.22 t 0.05
7.9
+
0.4 7.605 4.97 0.16 i 0.03
7.9
+
0.4 5.821 0 0.15 ±0.05
3.2
+
0.1 9.317 4.97 0.40 ± 0.09
3.2
+
0.1 9.660 9.95 0.29 ± 0.02
3.2
+
0.1 10.511 14.93 0.19 - 0.02
ABSORBANCE
WAVELENGTH (nm)
5. Spectral monitoring of the photolysis of a 9.86 X 10 ^ Macetonitrile
solution of cis- [Co(en) ^Cl^] in 9.95 X 10“^ (M) LiCl. The solution
was prepared a day prior to its monitoring. Curve 1 is the initial
solution and curve 4 is for 3000 s exposure.
Fig.
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and the formation of product. Simply distilled,
fractionally distilled, and undistilled reagent grade
acetonitrile were compared. It was observed that both
forms of distilled solvent showed an initial inhibition
before a final constant rate occurred. This inhibition
did not occur when using undistilled reagent grade CH3CN,
however. The rate of reaction was decreased (see Figures
6-8). Optical spectra of all three of the solvents showed
smooth conversion to product for the most part, as
evidenced by isosbestic points at the same wavelengths.
Earlier results had shown that this initial inhibition
using simply distilled solvent had no set pattern. That
is, it occurred some times and other times it did not.
Furtherraore, if more than one run was made in one day in
the same solvent, some showed inhibition and others did
not. This suggested that an uncontrolled phenomenon oc¬
curred at certain times which might be a factor that
caused non-reproducible yields.
The photolysis of acetonitrile solutions of cis-
iCo (en) 2CI2] was studied using longer wavelengths of
radiation (500, 440 and 420 nm).
Using 500 nm radiation, there was decomposition of
cis-ICo(en) oCl?] at an appreciable rate even though
there were no isosbestic points. With both 440 and 420 nm
radiations, there was less than 5% decomposition of the
ABSORBANCE
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Fig. 6. A 2.14 X 10~^ M cis- [Co (en) 2CI;? ] containing 1.54 X
10“6jyiLiCl in fractionally distilled acetonitrile
irradiated with 370 nm radiation.
ABSORBANCE
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Fig. 7. A 4.53 X 10 M cis - [Co (3n) Cl ] containing 1.54 X
10“6 MLiCl in simply distilled acetonitrile irradiated
with 370 nm radiation.
ABSORBANCE
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A 2.14 X 1Q~4 M cis-[Co(en)containing 1.54 X
10-6M LiCl in undistilled acetonitrile irradiated
with 3 70 run radiation.
Fig. 8.
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complex oyer a period which exceeded twice the time
required for total decomposition with 500 nm radiation
(which was about 40 minutes). These irradiations were
carried out in the absence of a glass filter. It is
possible that photolysis at 500 nm could be occurring
by radiation of a wavelength equal to half of the nominal
wavelength. It was disturbing to find total decomposition
at 500 nm and less than 5% at 440 and 420 nm radiations.
When solutions were irradiated at these wavelengths with
a glass filter, there was less than 1% decomposition with
500 nm radiation after more than two hours of photolysis.
This suggested that the decomposition was occurring from
photolysis by 250 nm radiation, (^/2). It further
suggested that with 250 nm radiation, there is not
quantitative cis- and trans- isomerization of
iCo(en) 2CI2]because there were no isosbestic points.
Thus, there was a limit on the wavelength of radiation
by which this isomerization occurred. The glass filter
had very little affect on the photolysis with other
wavelengths of radiation; that is, the amount of decompo¬
sition of cis- iCo (en) pClp] was essentially the same.
After these results had been observed, the photolysis at
different wavelengths was carried out on the same solution,
on the same day, with and without the glass filter. All
the conditions were kept the same except the wavelength
of radiation. The results were identical.
DISCUSSION
The persistence of isosbestic points during the
350 and 370 nm photolysis of acetonitrile solutions of
cis- [Co (en) 2C123 suggests the formation of a single
absorbing product. The color change of the solution from
purple to green and the final spectriam of the photolyte
being the same within experimental error as that of trans-
[Co (en) 2CI2] supported the conclusion that this single
absorbing product was indeed trans- [Co (en) 9CI7] . The
exact mechanism by which the product was formed has not
been established; however, two mechanisms have been
investigated.
The following mechanism was investigated because
photolysis with ultraviolet radiation has been observed
to proceed by radical formation whereas the photolysis
with visible radiation suggested substitution. This
mechanism was also investigated because of the large
range of quantum yields determined under similar condi¬
tions. Furthermore, Endicott and co-workers have shown






[Co (en) 2CI2] ^ [Co (en) 2CI] + Cl* (9)
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[Co (en) 2C1] + Cl* trans- [Co(en) 9Cl9j^'*' (10)
Equation 10 represents scavenging of a chloride radical
by a cobalt(II) intermediate. It has been observed that
cobalt(II) forms a complex with ammonium thiocyanate.
If the chloride radical could be trapped by some other
reagent, then the formation of trans-[Co(en)2CI2]
would not be observed. This would be evidenced by the
loss of isosbestic points at the previously observed
wavelengths. If isosbestic points are not formed during
photolysis, this suggests that there is not a smooth
conversion from starting material to a single product.
Cyclohexene was used as a scavenger to trap the chloride
radicals. Beck and Schorpp have observed that cyclohexene
can be used to trap azide radicals.Shine and coworkers
used cyclohexene to scavenge acetyl peroxide radicals.
Since only a small trace of Co(II) was detected,
less than 2.4% of the amount of cis- [Co(en) ^Cl^]
isomerized, this mechanism was unimportant in this
reaction.







^ [Co(en) 2C1]1+* (11)
1 +cis - [Co(en) 2CI2J (12)
(13)[Co(en) 2CI2]
[Co(en) 2CI] 2+ + ci “
[Co(en) 2CI] + Cl ^
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^13
^ [Co(en) 2CI ] + Cl”
cis—[ Co (en) 2CI? ] 1"^
^ txans -[ Co (en) 2CI9]
(14)
(15)
The following rate expression was derived for the
formation of product:
d [trans-Co (en) 2CI2I+] =
dt (^14+^15^ (^12+^13)
The quantum yield for the formation of product can be
represented by the following expression:




This expression suggests that the quantum yield should be
a constant value which is independent of the concentrations
of both the complex and Cl”. It also suggests that the
yield should be independent of the intensity. If this had
been the case then the yields would have been reproducible
regardless of the incident intensity and the concentrations
of the complex and LiCl. Even though the exact effect of
adding LiCl to the photolyte cannot be explained, it was
noted that the quantum yield no longer exceeded unity
as compared to quantum yields of solutions that contained
no LiCl. It was also shown that adding LiCl to the
solution inhibited the rate of thermal reaction to little
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or no decomposition which could explain why the quantum
yields no longer exceed unity. It has also been observed
that the yield was dependent on the intensity. The yield
was reproducible within experimental error if the in¬
tensity remained the same and equal aliquots of the same
solution were photolyzed simultaneously. It was also
shown that if equal aliquots of the same solution were
photolyzed with a variation in the intensity, the quantum
yield differed greatly. Other data suggested that the
quantum yield was dependent on the concentration of the
cis- isomer. These results do not support the quantum
yield expression (Eqn. 17) which suggested that there
should be no dependence on the intensity or the concentra¬
tion of the complex.
This mechanism was also tested by using azide for
substitution of Cl", thus preventing the formation of
product. According to Ingold and coworkers azide substitu¬
tion should proceed by an Sj^2 mechanism under thermal
conditions.^ As a result the following mechanism is
observed:
cis-[Co(en) ^Cl?]^'*' + N3 " ^ [Co (en)2ClN3] 1++ Cl " (18)
dfCoen2ClN3] = ki g [cis-Co (en) 2^12^'^] [N3~] (19)
dt
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The formation of product is dependent on the concentrations
of both the azide and the cobalt complex. There is a
possibility that azide substitution could occur by an
SJJ2 mechanism during the photolysis of cis- [Co (en) 0^12^
in azide solution. There is also a possibility that the
reaction could proceed by an Sj^l mechanism such that the
following could be observed:
cis- [Co(en)2CI2]
[Co(en)2CI2] k21 ^
[Co (en) 2C1]^'''+ Cl" k22 ^
[Co (en) 2C1]^'‘'+ N3“ ^23 ^
[Co (en) 2CI2] (20)
[Co(en) 2C1]^'*' + Cl~ (21)
trans- [Co (en)
[Co(en) 2C1N3]^''‘ (23)
There was evidence that N3“ had an effect on the formation
of product because monitoring of its optical spectra during
photolysis showed the loss of isosbestic points. This
effect was observed in the blank as well as the photolyte.
An azide absorption band in the infrared region was
observed at 2050 cm"l using cation exchange. However,
it was not determined whether the incorporation of azide
into the cobalt complex occurred under thermal conditions.
There was no evidence that aquation occurred
photochemically in acetonitrile solutions of cis-
[Co (en) 2CI2 ] ^''' containing water, and questionable evidence
of aquation occurring thermally at room temperature using
the same solvent. This is in contrast to aquation of
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c^-[Co (en) 2CI2] using alcoholic solvents at room
temperature.7/8 Also, NH3 is not a good reagent to use
for intermolecular substitution of Cl“ during photolysis
of cis- [Co (en) 2CI2 ] in acetonitrile because during
photolysis the cobalt complex always precipitated.
However, under thermal conditions there appeared to be
a smooth conversion to an unknown product. It was also
shown that the solvent effected the rate of formation of
product. If the solvent was fractionally or simply
distilled there was often an inhibition period before
linear decomposition occurred. This inhibition period
was not observed when undistilled solvent was used;
however, the rate of decomposition to product decreased
(see Figures 6, 7, 8).
Very little study was performed on the photolysis of
trans- [Co (en) ?C1?] to determine what product would be
formed upon continued photolysis. The only observation
was that continued photolysis of cis-[Co(en)yCly]
after its trans- isomer had been formed caused some
deviation from the isobestic points already formed.
Although many questions still remain unanswered and
not enough supportive evidence was gathered to propose
an exact mechanism, there can still be some valuable
information drawn from this research. There is cis-
and trans- conversion in acetonitrile under photolysis
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with 350 and 370 nm radiations and this isomerization
was not observed at 500, 440 or 420 nm. The decomposition
of cis- [Co (en) ?.C1?.3 solution with 250 nm radiation
indicated photodecomposition to unknown products. The
quantum yield is dependent on the absorbed intensity and
affected by the concentrations of LiCl and cis-
[Co (en) 2CI23 Although the quantum yields were not
reproducible from day to day, it was shown that the yield
could be reproduced within experimental error if equal
aliquots of the same solution were photolyzed simulta¬
neously. The solvent itself has an effect on the rate of
reaction and may indeed be a factor that caused the yields
to be nonreproducible. Aquation and ammonation do not
occur from 350 and 370 nm radiation in acetonitrile
solutions of cis- [Co (en) ^Cl?] containing water and
ammonia.
It is recommended that further studies be performed
to determine the factor(s) that will result in reproducible
quantum yields under identical conditions. The exact
offset of the solvent should be investigated further.
Finally, the photolysis of trans- [Co (en) 2^123 should
be studied to determine the product(s) being formed.
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APPENDIX
Derivation of rate expression:
Rate =
Ae
where the slope, S, is from a plot of absorbance versus
time of irradiation and Ae = ea ” ^p*
Let "a" represent cis- [Co (en) 2CI2] and "p" repre¬
sent trane-[Co (en) 2CI2] using Beer's Law;
^a ~ ^a^^Ca (24)
Ap = eabCp (25)
where A^ is absorbance, ei is the extinction coeffi¬
cient, Ci the concentration of component i, and b
is the path length of the cell. Initially,
Aa(0) - eaCa(O) (26)
if b is 1 cm.
At time t, assuming that there is no loss by side
reactions, as was indicated by isosbestic points at 655,
470 and 435 nm.
or
Cp(t) = Ca(0) - Ca(t)
Therefore the absorbance at time t is;
A(t) = eaCa(t) + ep[Ca(0) - Ca(t)]












Separating variables and simplifying, equation (29)
becomes:
is 0. Therefore, equation (3) reduces to:
dCa(t) = 1 dA(t) (31)
dt (^a ” ^P) dt
If plot of A(t) versus time is a straight line of slope,
dA(t)
~dt
the rate of reaction is given by
dCa(t) S
dt Ga “ ^p
or
S
A e
(32)
Rate
